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SPATIALLY MODULATED INTERFEROMETER 
AND BEAM SHEARING DEVICE THE? E FOR 

CFOSS-PEFERENCE TO RELATED APPLICATION 

This application is based on provisional patent 
atclic=:ticn serial nunter .50/ 129, 283 filed April 13, 1999. 

STATEMENT REGARDING FEDERALLY SEONG(REI) RESEARCH OF. 
DEVELOPMENT 

Trie U.S. Government has cor tail. rights in this 
invent i.:»r. pursuant to UAS7-1407 awarded ly NASA. 



RACKGF J'JND OF INVENTION" 

Trie present invention relates general Ly to beam 
15 shearing systems and their applicati tns , particularly in 
spatially modulated cr static interfer- meters, which have 
lDW v).ume, lew mass, high spectral resolution, a single 
instrument irne shape function and are field widened. 

Interferometers are a class :f instruments that 
20 convert light from a scurce intc an interference fringe 
pattern or inter fer :■ gram. Interferometers make measurements 
cr. light within a certain portion of the spectrum. This 
portion is referred tr, as the predetermined spectral 
passb.nd of the interferometer. Frequencies cf light 
25 outside of the predetermined spertral passband are 
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25 



attenuated s: that they do not cause inaccuracies m 
; : , ; ^.iror.-o: o -ade ty the onterr e rometer . 

Spatially nodulated or static interfer meters use a 
beam sne~r:iK system :o shear the input beam into two 
separate beams and a Fourier optical system can be use:i to 
recombine the two s no a red beams at a cetecoor a rray or 
pnotooraphio plate. This procedure generates an optical 

the wave fronts of the record: me d 
4 " Vi .=- f io' ; a t i on. o- f ^ mod u 1 a t i o n 
If a tw: dimensional 
^n record one spatially 



rath di fferenee across 



lee arr..- 



r, 'a Y 



lete 



, un ^. c t i resins 
rn tha~ is fixeo in spac 
tor array is used, then it 



an interfer: gram m 
and an image in 



rn.; aimensicn o: 
t no ort ho anal. 



piat: 



nodulateo pattern a 
the aotectcr arra_ 
directi an . 

3 + ,h. : inter fer : meters are distinguished from -ather 
tvpes of interferometers in that they do not reauire the 
movement of an opt real component or the observational 
to generate an interferogram. Interferometers 
lent of the reserving platform or an 
::pticai element to Generate their spectrum over a .oven 
lime interval are prone to unrecoverable spectral errors. 

s t a 1 1 c i n t e r f e r ooo e t e r w a s a 

bui It Ly 

Stroke ana O- . Funkhouser (see 
betters, 19':b, Volume 16, number 1, Pg. 271). Two decades 
later, T. Okamoto et al used a triangular Sagnac 
interferometer and a conventional camera lens to generate 
an interferogram ;see T. okamoto et al., Applied optics, 



T he f i r s t r e c ) r t e d 
Mi ohelson interferometer with tilted mirrors 

o Fnrr.i:v-r f'see -1. W. Stroke ot al., Physics 
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tract, hi. i -al lOicerter 
Four rer lenses have 
into rf erograms , and on 
the ultra -vie let oo ice a 



1934, Volume 23, Number 2, Pq . ^99). In a 

qurations and ^jnvont. 1 1 

used to genera' e 

have ooer at ed 



11 reported cases, 
a ^mv-nt. ional 
Lhe 
in 



Wat'Ol Ohqth 1 CO LhlOS . 
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en a.-le 



be*n 

l e c ■ c ' t ■ . i a t r a y s 
ni rare 

^to a static interferometer 

used by existi:::; sa 
certain advantages . 
-al-m: r 5 red spectrum wou-.d 
:) r, e -i^^u samp 
f.^ >-.-..t>- qrr. because the 1 requeney 



The ability to :p-= 
lender w a v e 1 e n g t h s t h a n 
i nt er f e r erne her s wouxd 
instance, ■: re rat. io: 



t nos 

■ f f er 



at 



r •" r 



intarterogr am 
with xner eased wav 

■rial-lnf rarea spectrum is 



x : i Li--' 

used ha sample the francos cf an 
fringes decreases 
Another advantage of operating 
that the surfaces cf 
meet the 
> cf 



^ i ™ir.c orients would net be require 



accuracy requr reme 



;rs in :or aer 



prove 



t ne 



in the tnerm 
the opt i oa ! coir.po: 
s t : r o n a e n t surface qu a 1 i t y and 
-lv-rter wavelenqths interior cnetej 
generation of surface induce* rnngos that irvmcduce errors 
the interfercgram fringes. Thus, if a static 
ere construoteo that: could tperate in the 
:;:al components wvul:I be less 



by canceling 
;l n t e r f e r ome ter w e r 
tnermai-ir.fr .red, then its cpt 



itlv and less turn 



e consuming to manur acture . 



coni igurat i c. n 



the Mic he Is on and 



bagn ac 

t waste at 



ich as 
beam 



venrionax interior : me ...e: 

interferometers , ut: 

.,. a st 5 0% of the signa 



shear in :i systems 

These c : > n f i g u r a t i on s typically r e q 
input into the system to make two p 

ocess. Light is therefore 



equire the bean of light 
sses thrcugh a beam 



splitter during the shearing proc 



reflected back cut the entrance thrcugh which it entered, 
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resulting in the loss of at least one half of the light 
eof o r i no one static inter! or ornet er . 

An alternative method that does nor rely on the use or 
a ream splitter to generate a difference in optical path 

5 leruth was ^escribed by Pad jet t et al. U.S. Fatent No. 
5,7 : jl,2 93. Tnis netted involves pclartzing the input beam 
and tnen shearing it using biref rirgent crystals. Despite 
elimination of the beam splitter, at least 5d% ot the light, 
■"■nteri icq tnis type of system is lost due to ats:rption by 

10 the input pclariser. 

A oar ti color aovanta jo of the Padgett, et al static 
interferometer ever other convent icna I interferometers is 
that it is field widened. Eeing field widened means that 
the slit can be increased to any reasonable width without 

15 influencing the spectral resolution. An in to r f eio: meter will 
be field widened when it records the into rfer: gram at a 
pupil plane. At a pupil plane, diffraction does not 
degrade spectral resolution . 

A disadvantage --ji. tiAibL Jju ^^cx^.l^ - ^ - — — — 

20 that their physical vciume ana mass increase s i uni f i cant o/ 
when high spectral resolution is required. This greatly 
increases cost m applications such as remote sensing 
devices mounted in satellites cr space exploration 
vehicles . 

25 Another disadvantage is that existing static 

interferometers do nit have a single instrument line shape. 
The instrument line shape is the characteristic snape if 
the spectrum generated by the static interferometer when 
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th* instrument observes a particular frequency of radiatii-n 
t- - _ * substantially narrower in can :lw.i :itii tn.an toe 

speottrai resolution cf the instrument. In existing static 
ir r^-rteroitieters me _me sn^pe Luauycs .^^nd^ii j — - ■ — - 
. , ^ , — i-;-,--;.--^ ,vnq.- ru.x-i ThPsp instruments must. 

be -al it-rate n for -.lie line shape of each frequency in the 
instrument' s bandwidth, which is a tine consuming process. 
•;, al _ a collected by these static Interferometers aro 
difficult to analyze and they are not suitable for 
generating r.igh spectral resolution output in real time, it 
is desirable to use a static interferometer that possesses 
a single instrument line shape and which has near perfect 
spheral r ecu stir at. ion . This means that the detector array's 
output has a single line shape and the lines for the 
different frequencies are evenly spa :ed along the spectrum 
at equal wavenumber intervals. This simp li ties t.tt t..ne 
required tt calibrate the instrument and the time required 
r-j analyze the data recorded by tne instrument. 

Accordingly, it is desirable to develop a new static 
interfer:meter that is compact, makes use of the majority 
:.f incoming radiation, is field widened, can operate on the 
thermal -infrared region ; f the spectrum, has a single 

mst rumei;t ^.me ^mpe c;n^ ndb , - 

rego st ra; i : n . 

SUMMARY OF IUVENTIOll 

In one aspect, one static interferometer of the 
present invention is capable of providing an instantaneous 
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s-igle-siied interf erogran in a tangential exit pupil plane 
- rr i ^ m a saqnta i image picinu, d-^^h — - 

]_ i;:a r,,d at the sarae point along the cptical axis. The 
instrument can have -m ^putai ^^.^-t^.^ 

i- - -* k e' jnp i-t n-nnis- ratio and is riell 

^ p ;_ u e : i l , n a o -a i * j- ^ ^ - - .j — - - - - ■ - - 

widened. Because the interfere gram is generated at a pupil 
plane by two perfectly col lifted beams, the interf erogram 

i ri n ot afiectea ny a: r rractiMi . i n 

enables the instrument to possess spectral radi : .net no 
10 parity, nave a very or Dad spectral bandwidth ana nave the 
ability to operate within the thermal-infrared spectrum. In 
adaitien, this characteristic enables it to have a single 
instrument line shape ano near-perfect spectra], 
registration. Finally, the instrument is a compact and 
15 lightweight unit that is easy to align curing construe! :n 
t n :i s i m p : e t. c a a 1 i o r a t e . 

In one particularly advantageous embodiment. , the fore- 
optics collect light ano ftcus it onto an entrance slit. 
•Ihe light passes through the entrance slit ana into the 
20 lean shearing system, which splits it mt: two separate 
reams. The beam shearing system is constructed tc ensure 
that the two beams :»f light emerging from it cent air. more 

- ^_ -. - i . 4- , . -i ~ - -v I-, +- } h .-^ t- 13 within t hr: 

\han :Oj pe: :ent or tne cciit-i-ba ^.-^il. li.<i- 

predetermined spectral passband c f the instrument. The 

25 emerging beams are incident on a Fourier optical system, 

which colltmates and recombrnes them onto the exit pupil 

plane. The recomtined beams of light generate an 

inter feiogram :»n a detector line array located at a 

tangential exit pupil plane, enabling the intensity of the 
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i r.terf er teram to be measured by the detector, read out by 
r ^ : v':i (;ni and then digitized by ar. ar.aitgue to digits. - 
converter . The data processing system then nanip ul ates the 
djgitai data to extract useful information concerning the 

5 ste::tral oompcsicicn of the cc] leered light. When fore- 
optics witn a shifted pupil are used, measurements can bo 
made using a single sided inter fercgram at the tanoentia. 
ixic p Lane . v\inen a treui i.ei upu. . aj. y;-> i-^i. _lo u * ^.i-^- .^^^ .■ 
cases the Light: onto a sagi-tal image plane iocaoed ai 

10 tie same point on the optical axis as trie tangential exii 
pupil plane, then a two-dimensional detector array can then 
be usee zo record the intensities of both the image and the 
inoerf erogr am. 

The fir going results are preferably achieve:.! by static 
15 i n t e r f e r ome t e r s ha v i n g : fore- opt i s f o r c 1 1 1 e ■:: t i. r g light 
and focusing it into a beam; a spectral resoling system 
comprising of a beam shearing system to split the team of 
lmght having a phi-ton flux within a predetermined spectral 
passbarid, an optimal system for recombinant the two split 
20 rearrs onto an exit pupil, and a detector located at one 
exit pupil. The beam shearing system preferab] y includes: 
ar; entrance slit structure having an entrance s,i: 



25 



-t- i -.n for rc:e;vira tne 



+- w. o i 



collected by the fore-optics; a beam splitter aligned at an 
ancle to the first direction so that one received beam of 
1 :aht is split into two separate beams; a reflective 
subsystem having a plurality of reflective surfaces 
defining separate light paths :f equal optical path length 
for the two separate beams, the reflective surfaces 
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ntain more than 5 
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20 



Ir. thic 



arranged such that the two teams 
rr: .= r i^ 0 - the ohoti n f ux that is v 
spectral passbard of th,: collected locht 
enxodiment, the chier rays of the two separate teams a:- 
_ _ . + 0,11 ^>^i i i-r» Part - tr.er ar.-l tne tw: liqril 

,f substantially equal optical path Length. 

'o also arranged 



.s are o 

In c 



t : 



have 



inter f eronrans a':, the exit p 



form, the refieitive surfaces ar 
ensure that the two beans remain substantially in phase 
=- ie ap.c_h-r.-r . I ri another form, a fore-ootics may 
hi f red pupil desigr. t;c generate single-sided 

apil plane. In yet another 
form, tne optical system has an rptical axis ana acso 
rerorrbines the beams that emerge f rem the bean shearing 
svsfem to create a sagi.lt al image plane ltcated at the same 
]-,.;• int a Ion? that optical axis as the tangential exit pupi 1 
p.ane. In yet another f r>rm again, the mt er f e r -met e r 
cvntains a detector array, read out electronics and oat a 
ccessmg system. The detector array records the intensity 
o: the radiation incident or. its pixels, the read out 
■ ; le itrcni cs digitizes these measurements ana transfers them 
to the data processing system, and the data processing 
system manipulates the digitized measurements to obtain 

r. -n. -: y. -l --^ ,-. v. + > - -i "^1 "i -j +■ -. r,i 

i r, 2: onna t j. vii aijuu.- ■.n 1 - .;yL.-^uL, ^ - - 

In a still further ftrm, the data : ■- ■■■■'>'■'■* : system 
performs Fast Fourier Transforms iFFTs. : r, the digitited 
data to obtain the spectrum of the collected light. Ir. a 
= t. ill further form again, the data processing system 
the digitized data with digital filters to detect 



co nvo lve; 



e presence or absence in the 



spectrum of the collected 
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light of treouencies characteristically emitted or absorbed 
by part: i e u La i chemicals. 

DESCRIPTION OF DRAWINGS 
5 The above and other features of the present invention 

may be more fully understood from the following detailed 
description, taken tooether with the accompanying drawings, 
wherein s in.ilar refe.i en::e characters refer to similar 
elements tnrtugheut ana in which: 

!0 FIGUFE 1 is a simplified block diagram of a static 

interferometer constructed in accordance witn one 
embodiment, of the invention; 

FIGURE 2 is an optical, ray trace diagram of a static 
interf er orr.eter if the type illustrated in FIGURE 1, 
15 illustrating the Y-G plane; 

FIGUFE 3 is an ■optical ray trace diagram of a static 
interf ero-meter if the type illustrated in FIGURE i, 
illustrating the X-G plane; 

FIGURE 4 is a thiee dimensional perspective view of a 
20 beam shear ino system :■: the type illustrated in FIGURE 2; 

FIGUi'E 5 is 3n optical ray trace diagram if a beam 
shearing system if the type illustrate:; in FIGURE 2; 

FIGURE 6 is an optical ray trace diagram of the rays 
reflected by the beam splitting surface of a first prism of 
25 the beam shearing system of FIGURE 5; 
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F-GUP.K 7 is an optical ray trace diagram of the path 
of the first, split be„m in the first and secon:! prisms of 
the beam shearing system of FIGURE 5; 

F IGUF- E & is an optical ray trace diagram of the path 
5 of the se:;ncl split beam in the beam shearing system of 
FIGURE 5; 

or niu,r^ates the dimensions of the first 

prism oi Ch-: beam shearing system of FIGURE 5; 

FIGUF.E 8B illustrates the dimensions of the second and 
10 third prisms of the beam shearing structure of FIGURE 5; 

FIGURE 9 is an optical ray trace diagram illustrating 

tne path lengths of the two beams sheared ty the beam 

shearing structure of the type illustrated in FIGURE I:; 

r-i-' tr=^ diaqram illus::rat mq 
FIGURE 1'J is an optica 1 id} ~- r — 

H the path lengths cf the chief rays or the two beams sheared 
by the beam shearing structure ,f the type illustrated m 
FIGURE 

• ^rT--. Hi-aram illustrating 

FIGURE 11 is an optica raj ^ra.,.., -..-.-j-d- 

• ... -i . ,. c -, - !-he tW'"' O 1 earns 
the path .lengths of tne marginal l,-,s uhe - 

sheared by the beam shearing structure of the type 
illustra 1 :c--:1 in FIGUFE 2; 

FI g-,PF ha is an optical ray trace diagram of an 
alternative embodiment of the beam shearing system 
illustrated in FIGUFE 1; 

FIGURE 11B is an optical ray trace diagram of a second 
alternative embodiment of tne beam shearing system 
t>h FIGURE 1; 
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FIGURE U is an optical ray trace diagram of fore 

... . , .. TTr .„ ;r.of ^f.^ in KIGUP.F, 2; 

FIGURE I? L 5 an cpUc.i ray tt.c* ^9 ram ■:£ a Fourier 
optica! system :f the type tUustrated in F.-UF.-2 .view of 

5 the X-Z p Lane) ; 

f -«:m?E U is an optica, ray trace diagram of a Fcuner 
. , ^ 1-voe illustrated m FIGUF.E.: (view :.f 

the i -1 plane 3 ; 

FIGURE 15 is an optical ray trace diagram of a firs, 

r-'iri-r optical system 
10 alternative embodiment: tne F.ari.i - t 

illustrated in FIGURE 1 (view of the X-Z plane,; 

FIGURE 1* is an optical ray trace diagram of a 
v=raH ,- on the first alternative embodiment to the 
Fourier ,-ptical system illustrated m FIGURE 1 (view :>f the 
15 Y-Z piano; ; 

FIGURE 17 is an optical ray tra.e diagram of a second 

t . h ^ -- -pti:;al system 

alternative embodiment to the -•••J— 1 - ^ 

illustrated in FIGURE 1 (view cf the X-Z plane); 

FIGURE 18 is an optical ray tra.te diagram of a second 

, 4- +-- -h^ F-urier optical system 

20 alternative embodiment t-. -h- t.-ri-. 

M lust rated ir. FIGURE 1 (view of the Y-Z plane;; 

F;[ .r 1F F 19 is a three dimensional perspective of a 
detectc-r'array of tne type illustrated in FIGURE 1, .cvered 
by a blocking filter. 
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The 



DETAILED DESCRIPTION OF THE INVENTION 

Refemno now to the drawings, FIGURE I illustrates a 
static interferometer 10 including f^re-optics 1.", a bean 
shearing systoit, 14, a Fourier optical system 16, a detector 
5 array 16 ai.d the read out electronics and data processing 
ur.it 20. As shown ir. FIOUrES 2 and 3, input light 22 is 
focused ky the fcre-cptics 12 into a beam. 24, which passes 
tnrouxn a slit 26 and into the beam shearing system U 
beam shearing system 14 splits the beam into tw 

■r .: +v.-,v = ,,-Hp!v srv^oooi w!v;r. thev emerge. 

10 oeams, .•■u '-iiuo — -i.- 

These beams 30,32 enter the Fourier optical system 16, 
which recomomes them t: create a pupil phr.e 34 and an 
image plane 36. The detector array IE- is located at the 
pupil plane 34 and at the image plane 36. The detect : r 
15 array 13 measures the intensity c f the light incident on 
different areas within the pupil plane 34 and the ima?e 
plane 36. These intensity measurements are then recorded by 
the read tut electronics and data processing unit 20, which 
performs additional manipulations to extract useful 
20 informal! :r. fi:m the raw measurement data. 

The static interferometer 10 of FIGURE 1 is preferably 
-abricate:; in the configuration shown in FIGURES 2 and :■, 
with telocentric fore-optics and a telocentric Fourier 
cDtical system. This configuration privides spettral 
25 radiometric purity, ensures a single instrument line shape, 
provides perfect spectral legistration and ensures that the 
interferometer is field widened. 
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^ , t- i interferometer 1 .) is 

performance of the static nicei. _._ t .. 



index :-r" trie 
50, the more 
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The t 

.. -i/i rh^- form of 

pnr^rr : vx~en Liu 1 team ^i^-- • - ^ - ■ 

TOis, 5 ,r U :tme !0 as illustr^i ir. FIGURES •> and 5. 
This cinf^urat^.r, results in an e:«rcm*!y -o.-m or 

. TY .^^r- i- Th e . hiaher the refractive 
t ^ static interiei : Jir.^Lcr j- -■ . — - - 

ma teria: used tc fabricate the prism structure 
.mpact the prism's design. The prism 

i-v-^t- ^i-ir. nate 

drsp ere i :>:■ and asti graatism, maximize txe ei f ix ier:- .. ;/ 
light utilization and ensure t:ie v.^....,r.,. 
beams emerging from the beam shearing systerr. 30,-.: are no, 
out cf phase with respect tc each other. 

rn ■ - t ., ri ; i w made cf KBr to 
Ire onsm structure 50 ^P- a -- maJ ~ 

v „Md , h ," need for anti-reflection coatmcs, but it can 
a ,so ,e mace frcm Csl for very br:ad soectrai bandwidth, 

. h-^o to ir: :rease 

.urabiictv," from ZnSe for high durability. Ge ano ZnSe 
require the use of anti-reflexive coatings and the 

CS I is considerably enhanced il 



20 



are used. In the illustrated 

50 are rr.aoe 



25 



performance oz 
ar.r..ir£ t ler.tive coatings 

embodiment, all prisms in the prism structui 

t-,- ,=, r tha^ both the beams 

from the same material to ■-n.u. o 

, + -, T ->( --■-> t i- a -,^] through 
emerging frcm trie beam shearing s ; o^., 

optical pachs of identical length. 

considering the prism structure j0 jf H-Lh- 

, , 'i th- first pri<=ir i-2 consists of an entrance 
further detail, th-= tust pi i_n. 

ll .. + ' r ,-, onrfar- r -'6. A oortion of 
surface 54 and a beam splitting surtac- -0. 

fa „ a c 4 i s .^, lV er-d in a reflective :oating 
the entrance surface 54 is ^j/er.a 
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58 and a portion of the beam splitter surface 54 is c 
, r .. a m flitter coating 60. The second prism c 
Zi* "Jrisms" 66 each have a surface that is com* 
cca ted in a reflective coating 64 and 66. All 

_ -, r 4- n ,- P i i v t ransoaren*: 
surfaces in cr.e prism ar« ->F — d -j 

reflective eatings of the prism structure 50 are tyc 

-r- i-he beam splitter coatin; 

made from A^, Au '->i — ^ 

usually made from Go . 

. . j. „ „,n<.-tr',rt the or ism sir 
The material cr.os-=n — 

iliusL>a-ed in FIGURE 4 effects the cptical effici-s: 
thrilam splitter. The variation in optical efficienc 
trie choice of material is demonstrated by TABLE 1A. 

TABLE 1A. PRISM EFFICIENCIES AT 10 um J^LENGT^ 

Ge t- Au 



jeered 

; i d n d 
lately 
other 
The 
■ i-ally 
CO is 



:,:ture 
icy of 
/ with 



r: 



Substrate/Coating 

KBr 



Ge - Al 

80 % 



Ge + Al -r Protective' 



AR 3 



Csl 



72 % 



ZnSe 
Ge 





85 % 


OS % 




80 % 


05 % 






01 % 






00 % 
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Al « hpte? a germanium beam splitter plus 

-n rpflp^ion surfaces. No coatings 
aluminum coaomgs cn all retle^icn 

are placed on transmission surfaces. 

N ,,. E =. " G- rj + Ar + Protective" implies a germanium beam 
cpirt er coating, aluminum reflation coatings, and 
pr - t ,,tiv.^ eatings on all transmission surfaces. The 
protective coatings protect the water-soluble salt crystals 

from moisture. 
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t]l , TE 3: - e + Au + Ar" implies a germanium beam splitter 

. .^wwf , n iii reflection :cat.inqt, etna can-- , 
( ,, atinl s ,n transmissi:n surfaces. Th, 3 :li coatinas 
r , quire an adhesive layer. N, germanium beam splitter 
s coating is required foi the gerrr.ar.iun substrate. The hP. 
-,,atings :. the salt crystals are assumed to be narrow- 
ed, and the AP coatiros on the metallic substrates are 
assumed t ;:■ te fc re id-banc 

• .-.e pT.-f^r-: 5 demonstrates View ta- 

ft 2 1 :■ :- e I' -;X:t:iix.ta i- j. .. i. - - - - - 

,S c *r;,r,r*. FO shears the input beam 70 of FIGURE :. 

? ,oarate beams 72 and -4. The input beam 7u enters 
_ p.ism through the entrance surface 54 and is incident 

m Th : Q ^rilit^ the beam and 
apon the beam splitter coating bJ. Th.s oplit- tr.. 

• , - c lV of "r* lifht is reflected in a first 
approximately 50^ ot -..r. _ ujh. 

. _ x: ,-up " i -ht is transmitted 
is =p.->it beam 72 and the remained of the ^i,nr 

/, a seccro split beam 71. It is advantageous for the prism 
ct , urrure r _:, be manufactured with the beam splitting 
surface M having a minimal tilt relative to the entrance 
surface 54, shown as * on FI3UF.E 5. This improves the 
efficient of the beam splitting gating 60, reduces 

4- fivo*- c-t'' it beam " ! from 

poiancation and prevents the fr.s, _. t .-ir 

beinq totally internally reflected at the air gap between 
the beam splitter surface 56 and the second pnsra *2 oy tne 

xz- p .; TTr --n trie entrance 

beam reflected off the reflective ooaui^g ... 

25 surface :; •:' . 

in, first split be.m 72 is reflected by the reflective 
mating *n the entrance surface 58 and is then reflected 
again by the second prism's reflective surface ,4. The 



20 



If) 



fii:s , so: it beam 72 then exits the prism structure 50 

. , . JZ - - ~ ■ .,- 'ITiP KHCLmIU K- - L ^ ^ - - 
j i 1 & ^ V it" c - ' J I' I d - S • J. i i ^- — - - - 

"-In^f until it str-<,s the third prism's rerlective 

; 8 , where it is fleeted and ex,ts th* prrsm 



10 



15 



20 



su r t ace 

. . , .u, enr-a.-p. 76. The surfaces oi: 

ctr-^ur^ 51) tnrougn th-r - ^i-^~ 

" tM \-— . structure are arranged 50 that the first spirt 
heax of liaht r ano the second split bean, of light 74 nave 

._ r ^ - . r,; ( v3i " ! p! when 

traveled fn^ - iJi,L ■ — - 

the exit surface 7... Jverarr, r-— •-• 

= ■ "... .v^lv efficient ir, Its utilization cf U*t. «.« 

Hay that light ent,rtn ? the systen through the 
entrance surface 54 can e,:rt the pros, structure 50 rs 
through the exit surface 16. 

The prrsrn structure 5U reflects the first Sflrt tea™ 
-■: , hl , t.mes and the s^c:,.d split beam 74 only once 
, r ,ure -hat the „avefr:nt= f the :« oea,r.s d: n :c undergo 
a iS0 . phase change with respect tc each other. If the two 

1 ^ -h? imaae is preserved across 

v/avefronts are in-phas c , th^i i^j- ■ r 

t ■ 4. s * n-i<- s-- d-d interf erograms :an re 

i-hF entrance slit <-6, Sin.i-- b^u- 

, , . H -h-nit- -.f signal, and the optical 
■generatec wi.njut 

. -h k. t h-- F'-u-i^r optical system 14 tena 

aberrat ims genera^d by tin- ^-u^i^ b 

4-u +-.7- h = -ni^ 3 0 v:> reccmbine at the 
. r -an -el out when the t>-;_. be a m^ d - 



i-:.:tect or ana; 



H 



. r -- t ^~- nvicm structure 50, as shown in 
The snape o- tir~ ^-.i-m 



2S 



F! ,n RE 4, affords easy mounting and alignment. Proper 
a Lignmenr 



lf the prism, is important because it ensures 



that the modulation efficiency of the interferometer is 
maximized. The modulation efficiency is 



a measure of the 
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£riage vHiMllty or contrast and directly affects the 

, . r- .^.^ ~. i n n * r rnm the 

s^ar.al amplitude. When the crnei idvt, 

/nrr narallel t<- *ach other :>r the optical system 

prism are not., pal aiiti l - 

" iS not teiecentric, then the modulation efficiency, / 7 (fi) , 

decreases as a function of the angie, P, tc=,*~e^ 



chief rays: 



, v sin(;riASsin/f) 



where 

^5 is shown on FIGURE 5, 

10 and - 



v ^ l// is the wavenumber frequency for a given 
wavelength. • 

Therefore, a special mounting system (net shown) 
manufactured from aluminum is used that hard mounts the 
^ prlsm3 5 , fl5 , f66 with out the need fcr epoxies. The prisms 

are neld in aluminum caps that are held in place by 

spring. The springs hold the prisms ir. alignment when the 

spectrometer temperature is reduced. The air ga P s between 

the prisms are not seated with adhesives because tnxs 

, ,. c , tnv r jb c-.-,r P tiori features in the thermal 

20 introduces stion^ -jj- - -t- - 

infrared region of the spectrum. 

A closer examination of FIGURES 5 through 11 reveals 
how 1-h* prism structure 50 is manufactured to ensure that 
it passes the properties necessary for it to function 
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e ■: 



10 



~ tj -^lv as the beam shearing system 14 in the static 

^r-r^,|w t() the 

_ -i-^v in Three requi remem. .= 

"n-tr-;ti :; n"o£ aU of the three prlsns 52.62,66. The f.rst 

<, ,,„cM-.,.-t-pj s; that the 
ic rha- the prism structure ib 

entrance surface 54 rs substantially perpendicular to the 
chl ,f raY of the input beam 78 and the exit surface 7o rs 

. . r „, rn ,ndi-iar to bcth chief rays of the exit 
substantially p^rpendi .-ji 

teams :■(-' =nJ • f"-- 

• ... -] -. cnors: nn ana 

:e, in this »7 is en""""' 

^^atrs,. Drspersion .leers the rnstra.ent l:.ne snare as 
a ; - u „ ; , :10 h of ,a-,enu,„:er ar.:> astranatrs, creates drtfore.,1 

, r , -n .-. 5 :-h >f the two s:<ct teams » «no 

wavetiont '--rrca.b _u -^-^ 

.. . _ ch -^ Th--- following 
l-r-3denm. 3 the instrument I..,* -h**.- 

, q ,ari,n and explanation illustrates the effect of 
^^matisn on the instrument line shape. Let represent 

hpH (I p ( ,r, t-^' -'-v/e beams at 
n , ,-it purrl. Wavefront are cause:, by oporcal 

at^atiens. If the ofttc.1 ai:erratr:ns c, wavefronr errors 
oi "t!« two beans are identical and vary slowly across the 



20 wave i ron < 



then there is 



n j 



in flu en 



Oil LUC — — " 



2S 



r , s -, ut <r.n or instrument line shape. Astigmatism wculd 
c , U e. a difference in wavefront errors between the two 

thP wioth of the instrument line 
b-ams. for a o-v^n ^t, 

. n . inrr; . as ,= according to the 

. rroy Finn /Jl/V, , W1-- 1I1L.1 -d^.. a- j 

s:\ape at hdn tridXriuu.., ' 

f>ll3wing equation: 



0.605 1 
Av. , =-; + 



2 COS! 



FOV,- 



F 



AS cos 



FOV 
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where 

\ § is shown on 



0^ 



is the f ocal length f the F:-urier Lens, 
is the maximum optical path difference, 
is the distance between the center of the 
exit pupil and the edge of the exit pupil. 



ana 



10 



% „ , ^ -i o ^Vu, t i eld -of view of 

F0 \V ^ 2 arctanUb / ^) 1S ' 

the Fourier Lens. 

* ^4- o— h o+-~ the prisms 
The second is that the oreaoth .1 e-n - t. . 

c h -,n E-G'JP-, -i,must be large enough s- 
s: > : .b, shown as b P on t^J'- 
00 i the Uoht en.erin, t,:ou 3 n otthe shrt 

n addition tc these twc 
reauiremeiKS that 



is contained within the prism 

requirements, tnero jj-^ 



15 



20 



arpl .. ,o each of the prism* S:,62.66 ind^duaUy. Th .- 

t ;, r '. ( ls that the entrance surface .us, be pedicular t. 

th , exit surface to mimmrce optical aberrations . 

- ^ - T nr ( : ,^n."r 3 i-^tes thai the 

p .-loser examination :: r t i.^R* h ^ 

-v^r ^- s -har>e ensures 
fl _. --ism 52 rs manufacture* so that , .s ^ap - 

^t./owing. Firstly, the port: :n :f the entrance surface 
5,4 that rs not coated is large enough tc ensure .net 



n is : .r.ci rler.t upon the portion of th< 



25 



r,f rhe input beam ' ^ 
l^-an-e surface that rs coated rn refioctrve ccatrnt, . t . 
; e c"^ly. the portion of the boa* sfUttir.., surface that rs 
coated in a reflects coatm, is wide enou g h to ensure 
th at none cf the input beam 70 rs incrdent on the portr.n 
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- _ c/- f hat is n-t orated in beam 
thp ream splitting surrace jo that io n.t 

; P , mating. Thirdly, the width of th* ti rst prism w„ 

cf the msm, — as h . on n^.^ and 

. i ~ +-4-T v^.^t qprfari- relative t j 
the tilt angle of the t>:am spn>.L, liy aU ' iU 

_ TrTcnwp 6, ensure that 
the entrance surface, snrwn ^ n ^ 

tho entir, firs, split ream 7. is incident o, the portion 
cf rh, entrance surface 54 that is coated in reflective 
coding. Fcurtruy, thrs w^t.r ^ 



X ^ i. ■- 



:i =p, h : , the tilt angle ti and th 



-...Lv. ,,- team splitting surface 56, shown as U on 

t - h ... , ntirP bPam 30 reflected ft :-rr. tne 
FI-3UF:E 6, ensure that the entire c.dm 

- f th- .--ntran."e surface coaterl in reflective 

v- r , rr ; nn -.f t'r- team splitting 
taring is incident on the p^rt^n .£ u.. 

., rfac : ,, that is not coated in beam splitting coating. 

„ , ra p, the width of the first prism w : , <:he height of tne 
f .-st pnsnh. the trio an 9 ie , and the length of one beam 
fitting surface 1, ensure that the length of the tctical 
Fa ths ta' en by the first split beam 72 and the secono split 
beam 74 throughout the entire prism structure :•<-> «i« 

20 equivalent . 

R ,,„. r examination of FIGURES 7 and 4 reveals tnat 

, he seconi prrsr, 62 is manufactured so that its shape 

f-n-w-im Firstly, that the surface ot tne 
ensures tne fallowing. rir^Lxy, 

, ^ . upiin str-i itt inc: surface • "he 

-e-ond prism adiacent t-. the beam sp^x 

„ 'first pris,. 56 is matched t, that surface. Secondly, tnat 
, he width of the second prism, shown as w : on FIo-UF.E 7 and 
-he ar.,1. of the secona prism's reflective surface *4 
relative to the entrance surface 54, shown as 6 on FIoUFE 7 
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on r^fm— ted from the portion 
en-t- tbp ^ntir- beam 8U retinue 1 
ensure tnai r,n«- -iiu-lj- .. . ^ . ^ 

. . ~ .p ■■• -v.^-k - h f i no is 

; r the entrance o - • • 

• s reflective surface -4 and 
reflected from this 
seoonu prism' s exit 

the 

. * v^. ,,iHt-n tne ^owir.A 

su). f ac-; 



su r f .-.ice c oa ted 
incident upon th- second pns 
that the ■ 
cm ! = ••• 32 is t 

84. Thirdly, the w 



~ -c "i -; .-1 -v t- 

-.hief ray of the oean. 



, v r^T^in's reflective 

anq^e c: the sbloi.c p ^~h. 



10 



iixer,di.:ular tj the 

idth ot the second prism w 

surface relative t 

the entrance surface U and the heigh, of tne surface of— h 
that is adiacent tc tne third prisrr. 3-, shov. 

that the encne beam rerle 

8 o mercies from 



second oris; 

as - ri: :n FIGURE 1, ensure 

' s r or f 1 e c t i v e su r f a c e 



tod 



:.f the seccnci prism 84 and that none 



15 



f r , ; ,r n the second prcsr; 
the e/.it surface 

second split beam 74 is incident or 
reflective surface 64. Fourthly, th 
surface of the second prism adja 



trie c 

anc; le 



econd prism' s 
h^rween tne 



.cent 



z: tne tnird p 



i ism 



and tne s- 
7, is as 



: .ond [.: r ism' s ex.. 
clcse to ^° i 
internal reflection that may r 
between the two prisms. Finally, the w 
ncl ] e r f the second prism 

() and the 



<|> in 



t ota. 



^ r. . ■ , sn own 

p ossicle to prevent any 
result due to the tiny air gap 
idth of the seccnd 
s reflective surface 
heiohr of the 



20 prism w : , t.he anq 

» the entrance surrace 
the second prism adjacent 

it h o f the opt ica i I 

■lit beam 7 4 t nrou :;h :>ut 



relative 
surface 

ensure that the ien-ijt 



the third prism h : 
r.K taken by "he 



first split beam 



25 



the entire prism 

£ closer examination 



7 2 and the sec:na sp. 
structure 50 are equivalent. 

8 reveals that the 



:f FIGtti 



third prism 66 is ma 



nuf actur 



ed so that its shape ensures 



the following. F 



irstly, the surfaoes of prisms 



two 61 and 
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thtee that are adjacent to each ether 66 and 90 are 
„ )1 .. 1 , = , i -imitate dispersr-.n ar.a ««>c*"-» 

It t '''ithei*t, shown as h ? on FIGURE 8, ita width, shewn 
as „, or. FIGUFE J and the angle of its reflective surface „, 



10 



f .-. r.„ s>-w- as o. on FIGURE 
relative to the entrance suif^ s»- 

8 P - S1 _ .hot the chief ray :-f the beam of light reflected 
from the .hard prism' s reflective surface 9. - 

,-. ,1 ^-j f- n ;n 1 ~" 

p^penolcular t the thir, prism s, e,i. - 

. ^ liohr reflected from the third prism's 

ttv=> entire l-'-ai. — 

of evits the third prism through trie 
^^d' crises exit surface 94. Final: y, that the chird 
prism', heiont h : , width w 3 and the angle of its reflective 
r ,- ^i-r lv - to the entrance surface tt ensure that one 
lsr1t , of toe optical paths taken by the first spirt bear, 
rS and , he secend spirt beam 74 throughout the er.trre prism 
structure 50 are equivalent. FIGURES 3A and ,3 show the 
di ., D .t, as of a prism structure 50 manufactured to recerve 
an F/< i*«t tea, fro, a slit with a length of ^ 

4 _ v. , .o. n , n cir. n c of or. ism one 52 ana r I ^ F.E 
"I^tiFE: ok snows tins U-n--.ru i<-ii- - 

, 0 :, E sh-ws the oirc.ensitr.s cf prisms two and three 62, .i. i-n 
optrcal prescription tor these prisms rs contained .n 

4--^-i qwotpm resented in TABLE ^. 
TAELFS IE - ID fcr an optical system p_~b~ 

. , ^^,^1-^ in the form 

The description of the tables is pr«...— - 

utilized by the o P ti=al design program marketed under the 

25 tradename ZEMAX. 



15 
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TABLE IB. 



Non-Sequential Components Parameters 



X V, Width ! Y W Width 




TABLE 1C. Prism 
Front Face Vertices 



V 1 


-16 


~A0 i 


0 


V2 | 


-16 


10 


0 


H 


16 


10 


0 


V4 


16 


-10 





Repeated Vertices 



Front R 1 2 3 4 0 



Top R 2 6 7 3 0 



Leftside R 1 2 6 5 0 




-10 



Back 



R 5 6 7 8 0 
Bottom R 1 5 8 4 0 



Riszht side R 4 3 7 8 0 



9.38 



5.85 
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TABLE ID. Prism 



B Vertex Parameters 



Front Face Vertices 



Back Face Vertices 



V4 I 16 

■i - 

Repeated Vertices 
Front R 1 2 3 4 0 



Back R 5 6 7 8 0 



Top R 2 6 7 3 0 



Left side R 1 2 6 5 0 



Bottom 



R 15 8 4 0 



Rishtside R 4 3 7 8 0 




TABLE IE. Prism 
Front Face Vertices 
V 1 



Vertex Parameters 
Back Face Vertices 




A requirement 



in the manufacture of all the prisms, 



is 



that they must ensure the leng 



th of the optical paths taken 



25 



!u rp 50 are equivalent. This 

through tne pribu = — - J '- 

^ s ^ha, each :-f the rays in the spht beam. 

_ j .: t- -^-.^^ ir p.ir.h of the 

, f :iaht -2,74 must travel tne sane d.o.d^- - 

^ - . . , , >- ^ r O) as the- 

materials present in tne pixS. - 



rav in the- other split beam of light . 



o~>i respond in _ 

. , w r , TTT-n^.s 1, 10 and 11 aemanstrac 
closer exammatioi: oi. — 



mat tte orisft structi 

f , ■■>^.-iral cistance ^~ -^e 

chese ngares the ■■ , ^- u ' di 

. ^ . f i , aht is the suit, of the three 

in th- first; spue oeam 1-ght ^ ■ , , 

^ ~ H , ^ ,, P ti.;a: distance traveled cy 

distances i : , a : and a 3 .n, .ik- ^ - - , 

, Kn , c^,-,rd split bean\ ci iignc -,s 
the correspond} ray ^ tn, se^n, F 

f .v, ^.ra^^s d< ano d : . In each or ExbtULo 

the sum of -he ,wu a_--a-i-- 

, n1 -] + d . + d- = d, 4 d-. Minor variations m tne 
q lQ and 11, -'i 4 + - J 

. v ,., , ,. nr^sns one and two and trrsms 
is wi::ith of the air W * : ' P J - sn 

t , th , prism structure shown in F-G0F.E3 BA and *B is 4^m 
th, width of the air 3 ,pa is approximately 10 microns. 

-■c ,r^tc-'3'it because it does n:>t nave a 
T his dirr.erence j.s jn^p-- J - iL 

3_ v ,^nt effect on the marginal ray angles of tne two 

? > m wh , r - f -p 7 are incident or: the Fourier 
split oeams U, . 4, wh^.n 

optical system 



tv;:;) ano tioi^e at.- ■ 



20 



Ad 



25 



. . ^ f f - in r , n rr\ S h O cl 1 n Q 

A variation on the . mbociiment v. 

- c ,- b ^ W a in FIGUF.l'I 11A, tins 
,..0 4-^. 14' d-scribed at < is oh-wn .... 

J ■ c , t . riir i- n rp c -. a with <^n 

+■ K-r^r^s the crisrr, stiuotuie 
arrangement L-cp.^ao-s 



,vol-/io, paraUel pl.t« actir, ; , as a beara 
splitter 150 and tf.re* mirror, 15,. 154 and 1,6. Th* bas.c 



structure irr 

1ST. ^nd 

ffpnt c , f .eflectr.ns for the first sprit beam 72' 
arrangement ot - -en-- 

., .n^Hnn for the second split beam 74 is 

ana --li- - - — • ■ • 
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stained, ise of this beam shearing system H' places a 

i , ^, H f h ^ r: ' "i .S S 1 b 1 



limit at ion 



T-./n i pr'Ut bectic and tne r _<.-^ i-bd. 

HULL - ..^ - ••••• ' „ , 

, - n hp1 - WPPn tY* tv/o emerging beams 
s wp of the separation betw-en 

a ;; 52 -, sh:.n as As c, ? 1GUPE UA because the fceaas 

. .„ ^ - v, - riher index 

5 diverge more rapidly m air — n - - = 

material . 

a closer examination of FIGURE 11A reveals that the 

st{ , tic irit( ,r:eroneter must be manufactured in the folic wiri-ij 

. „„.,,-,+ .=d i-^i ile the first 
w ,., r h c, entrance si:.t <:<:' mutt L<= - 

■ .u- .-^••,1 elate beam splitter .oU 
10 mirror ^ ana uu--- - — ' 

or lented pe rpenaicula 

b-->am 158. '-he parail--- r - 

.-, f th . -rst parallel plate, and the second 
second suiiaue -ji m- i- 

. H .. l5t . is of equal thickness to the first plate t, 
parallel tb-te rb -i i . v +- v- 

1S er£ure thH , the total optical path length traveled ty b,th 

beams is equal. 

Th. f^'st mirror is tilted at an angle that ensures 
that the first split beam 72' is reflected from the Pea 



t « the chief ray of the entrance 
parallel plate bear,! splitter is coated on the 



am 



nn ,-, r „-- r ^d t'i "he returning beam 12' 
20 small :_.-jr.ip«rea 



to minimise 



25 



.. n . lrst Th ,. second and third mirrors are 

amount or light lest. m- 

^ - th - -hi-f raws of the two emerging oeams 
^n a necl that tn~ nno. 

3 ;r" a " ntl are parallel. ^r,U, the . ltK rs must^e 

arranged to ensure that both split teams of lx 9 ht 
travel the same optical distance. 

Ano ,-,er variation of the beam shearing syste, is shown 
a= 14 " n FI3UF.S HB. This variation, is designed tcr use 
.. lt K a -,Uimated input beam. It uses a similar parallel 
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^■. n aq in FIGURE HA --xc*pt that 
olace and mirror conf igurati,n m 

the heiiTi sp- it.. 'it . 

: -^-r ^0' splits the input; ueam mtu 
b .„,. m -,:V. The bear;, splittfi .-■'J sputa 

qv.r, th-'H reflected in 
-n il -,-,h c.-i'' These ueamo a_-~ 
tw; beams 7.." and . -i • i"- 

jimilar fashion tr. the beam s 



-.pjnrg system shown as l4' 

a similar - - " J - - h n- 1- i 

, ^ r b^-ause the beams are ....._lirr,ut .a, 

, . 1 4 " is able tc recombine the cw 

tho beam shearing s.,s.-, ^ - , ^ 



4- w - ,-..-.^1 for- the 
c-.^r op-ams at an <=.-..- 1- r - - 

J' ' ^.-^ cvsreir.. The beam shearing systo,m places a 

cc,ari -- r ^ . _,, --. e .-, s ,->- e that the 

"' i-i i t at ion ■;>n th- fc - * 

<-.-..< - tl- far from the fore-optics u,» 
exit pepil 15 suf.i-i^-ti, 

enable the cemf iguritior. shown. 

.* static —terierometer 10 

Th- h-st performance <,f —e SU ' L - 

shown in FIGUF3 



achieve*;, when "n- k- u - 



15 i:.. Manufacturing the fcre-optics in this way ^ 



: .f the fore-ootics is shut-., 
-ticai axis. This results 



^■h. =1 -i +-,;-; ;.->r L e sioe 



in the chief ray : t ,^ -np.t 



20 



v^^- . -, - lt ^die ef the 

^r, ?2 striking the exit pupil -4 at J.. - J 

array 13, enabling a single sid,.l _ 

c - inl u, sided interferogr..m instead ... 1 
-=. v. - i. _.s.nc = sing — 

- sue of tne ctner 



a ,-.,mplete interf ercgram reduces the 

. of th . sratic interferometer 10 by a facte r of 
two, without losin-4 any information or signal. 

, nn ..c-,- at -i.-.n in FIGURE 1.' in greater 
Examining the :.±±.iS-_.ati.n 

25 detail, reveals that the fore-optics 1„ •.■•,n.,^- 

ia i ^rheri- mirrors lo2, 164 and 
.M-ror 16U and three coaxial a spneri- 

m i rmr T os an even 
If.t. The first coaxial aspnen- m.rr.r ^. 

. th, -th-r tvr mirrors are simple conies xo4, 
asphere and the -tn.i ow. 
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- 9 i- r pfl-^t = d by the s :ar. mirror 
Tne input beam ^.2 io reii--L_ 



1 6'i . 

i. "U. f - ret" x L ci -i- ^ J 1 -"' 1 ^ 

onto ~ ' ' ^ ^' 



15 



, r -, , -orients trie 

i-, hr 0 -t ■-■ the second ccaxial a.pn.i. -- 

~ d . . To,-.h^T-^ 166, which 

finally reflected by the tr.irci coo*-. a„ K »" - 
1 ' . , _ r . r _, S ht 2>5. The focused 

focuses the light onto tne en.r a ^- ^ _ 

t l,m 1« telocentric ana it is observed that its ch.ef 

S trr,es one si,e of the aperture sto P 170 of the second 

11 of the fore- 



ceaxiar aspheric mirror because tne P upix ^ 

.. . , , c >,^tM The four mirrors ibu, ic, — - 

^ at thP f 0 rp- octics are simp.e tu 
, ft ..-axial, which means that the t:-- - 

i ^ - 

c .-instruct . 

i~ -f th.- mirror configuration of the 
A specific example -jt tn_ ni" 

12, Ululated in FI«M «. ls P"" 1 ** " 

-.f TftBLE 2. The descnpt.cn of TABLE 2 is presented in 
tne fV™ utilized * tne optical design P t:,,ta m ^ eted 

under the tradename ZEMAX . Tne pi«s.i _ 

. r,v,f ?4 is F/4 in the tangential 
assumes that the output light 24 is fc/4 

•-plane and F/5 in the saqiital X-plane. 
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. .v ppvcrRTPTTON: Telescope and Prism in 

!. 2 cm" 1 imaging Spectrometer. 



Surface Type 






FM1 


148.5778 


17 


rnirroTT 


X toroid 


-74^663 T 






FM2 


9977351 


M 


mirror 


asphere 


171.811 






FM3 




19 


mirror 


Y toroid 


-298.0 






FM4 


-209 474 


120 


coord 


tilt Y 




i Image 




focal plane 


infinity 




-9.2187783e- 
7j831648eTT"^816862e-ll 




mm. . X - F i ^ 1 d 1 



1 . 8 8 8 



ion is 1.^:1 cm - r^-- 
, Y - F ield is 9°, and wavelength is 
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c ^n-i "0 urn with KBr or 5 
1= M i, t,-s, :i r, Is valid betv,,en , an .3 t ^ 

r -,_t- T;nrjpntial VjiUtn - j- - - -t _ 

ar.d !»0 l-ur: w:ni ^x. — strp is shifted a i -ru, 
s,a:ttal width is _ ^ , hie f ray is mra 

v-ntial pane away li.»n*A-- - je ct : stop. 

S fr.-.-n shore sid--! and 
" c^ctor i s 12.8 :< 1'" rnt. 

t v- ,• tr . r .v L ds are qenerated by placing 
In ZemiX - )0 o 4l --.no cefore and after a 

tre£,k3 of J ° Vn- optical design packages 

^ -, ■; 1 " >' •-;.].] out x ^ - . + . ., v r-,-. =, y<-- f---r tne 

dinate creaks. tns-.efu^ , r( . srric .ti-:-n. The 

.r,ids have h**n omitted m tn, - F^- - ^ . g tho 

Lf5 t he raouis, and the .••..tt.m 



I: '- E : ln , Zem " V'and -:-0- before and afi 

- : '- di ;;ftv^^d. However, .any optical design P a-. 

out : <^ J - - - - - - 

s- tnerefor, — , p r( _. sr r ,ot ion . The 

:oen omitted m tn , + F_ ;; - ^ ^ . g the 

..... v- , r 1 S 

15 radius of rotation. 

Msr parameters are listed in 
M-.TF De-enters, tn,s, a.u.t u- - t 

the ,,:.iumns with the headings •-Ota. , 

»r,,ff. :=n it.", and "Coefr. on r8". 

r~r-.ro f the static interferometer .U 

20 t , ], oa ^- eioergmg from che beam 

is adnievc-o, when tn, t*, .. ar 

t , r . 30 are reccmbmed using th, 

shear mg *y=t--r~ si.- e , F ,, uri . 3r 

rt -r^al s-teir. 16 shewn in FIGt'F.E b i a.d 14. r..- 

•- V ' Ll - dl ' . ^..^.^d to maximize the image 

,ctieal system xs m.r.u.a.....^- ^ 

25 fecal length and spatial resol^icn o_ - . 

svstem by ensuring that the -a.mg ; nd 
f ; inrti ,, s „e Perfumed by the same optica, mim^n^t . ^ 
is al5: telecer.tric in the t.an,ential p^an, f- 
=pectral radiometric puricy. 

Exslt , ai „, the i.l JS ««i e n in HC Uf ., U ,r.,^ - 

w - 3 f.-,rm "f the Fourier -pti^ai 
-i^t-^i" it shows a I'jniu 
greater detail - : , mt letely 

f .,„. nirr-rs and whi-.i is ^ 
system 16 having f-,ui rain^- 

f -. second mirrors loJ,it- 

..-^rV,- The tn-t ano - 
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v h-"- an a^pherical surface ir. 

, sr „vin --rcids that each he- an a..t 

° E '" " . „, iv . far ,» . n the Y plane, ihe 

thi.:i mirr.r 1E4 is an even aspner.. - , 

. an asphoric tonodwith anaspn-^ -^-^ ^ 



nl . n , and a sohencal surface m uW a 
P " - al ,: tr a vertices along the comm.n axis 

mirrors are oc-a^al, ».tr. a 

+ ... . nqlT , s that no alignment -jJ 
ImC. This P r:>pert, ,-nsur,s 

of ihe F:,urie:: octical syste: 



10 



, . ^b-lt and qo' eonf i-jurai i :n . 

i'nci- shown) & ^-0.— 

... ,.,^-t.,rei to ensure th,t the two 

Th^ mirrors are l.^— - 

_ , ro , th , neam shearing system 30, ,2 srnke 
teams emerging ^-^^ r , nt o the second 

tr ^ ^ *"" - ■ i. - nit r.ut --'f the tourcn 

it. i- r - i -L - » w * j - 



inner l " - , — * - . are 

r , rrrr i*,-'. The mirrors also ensure J:=,t ,h 

r '^ L ' ■ i<-j qrri f^crn t: lie re 

... . nt ,-. -he third mirror K4 aiiJ i~- 

15 then re.: .:.•=- - - - f v f ,. ur 

ort:- the fourth mirror 13b. Th. 

t V- • -. reflected fr:-m th, i.,jr.h 
errors ensures t,*t t. - : ^ 194 tha , 

mirr , r 16,: f-:.r,s two collomateo e,.t L.am. ^ ^ 

e _ ,he Fourier , P tical system through a -t .a. - 

f -^„ r(= i-he mirrors en^-.-es 

Tr-r--" if 4. The manure air, • - - 
20 " :Ld ... be _ 192,194 combine ano form a pu P i- 

t-n^t the two -it be..,. . in , he v 

, ^ ,, , n tM ,- v plane and an .may, plan. - - 
, ;lane ta- t- _ ^ a ionq the 

nir -.lanps locate! at .r.* 0 a..,e t 

plane, with ootn t aan-. 

.-•otical axis 190. 

, -f th= mir-o- confiouratii.n cr the 

A specific example of th-. m.n^- ■ 

s ,. st , IT . 16, illustrated in FIGURE 13 and 14, 

i. als , provide in TABLE 4. The descript^n of 

t . ln th . t ,™ utilise, by the optical ,,s ig n 

presented m lh^ 
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tr^-naire ZEMAX. Manufacturing 
D v.. r am marketed under the tr.a,na 

^ j ^ i n-.-crpni m c; - - ^ ^ — 1 d 

the Founei- ^-f-— - — ' the ,. and Y 

in TA3LE results in it hav.no l,.al 1-natn 

plane oi 6 ■in -J a. 

---j-. s l' 1 the b>.;am shearing 
Manufacturing the cere - 

ir-.i svstem 16 accor^ng to 
1- ,n.i the Fourier op.Lci 
system l-i , p ^ - 

^. nt -; npd mi TABLES lb - - 



result 



.„./ static intorrer^ter achUvin, a spectral 



reaction of l.ccir. 



oancipass d* 1 - 



15 



, , _-_. v ,.t th--, r-risrr, structure 50. If ^ 
l0 material used to u,, - - ^ ^ 

length or the entrance =.l-t -. cf 
thi statrc r.terreronote, V .iV.r.^a >.i - 

view (FOV; . 

n ^„,- d -.f manufacturing the Fourier 
An a" 1 ternative me-..'-, a , 

a broadband, high spectral 

"'• " . Qr -r-r.-mer->" is shown :n r 

resolution, eff-x« P :^„. sp,ca-„e.. _ 

lC It insists of four offers aspheres, Id-- , ^ ; - 
ani x-,,, which — two vary h, .. I--*', " 
beams. These teams genera,,-- * 

o,r n~^f-;t..jr array. 
20 interferogram across a aJ -w — - 

. , n . iari ,n -n this alternative ir.etr.od 
FIGURE lb snows c 7a.ia..-i . ^is 
, -v, F curi«r optical system J, • 

' , " ... u ^ s tb, same f,ur >ff-axis coheres, lo, , 

ldL - L - 1 , ..• ]TV - , rnr jiji.i art j a 

jf," and 13.:", but uses a tola m.-r.r 

- . rr - r ^ to — ress the collrmated beam to 
cylindrical mirr-U- -U^ ■ d 

4-- ir.nr.-.ve the signal effrci^nu^ ana 
- ,- tvo x direction tj li.'Pi-'-'Vt u.i ^ 
imm atn th-. a an- ( - v lindrical 

— ;» ;;y«^i rr:-::::! ',,„;„„ 

mirror Z'J^ lb t- ,J - - 
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the ravs of the collimated beams passing through 
because the rays y 

— r n i ■ m h I k_' ( 



,,V'r.soect to the rays passrng through the 

, ; , r.r-e^rription for this 

thinner part of that lens, *n optx.a, ^e~- 

, i„ .^ni- a ined in TABLE 2. 
5 Fourier optical system id xs — 




Image 



10 
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achieve 0.5 cm" 1 . Pupil width is 



n.-^° and w a ve length is id l- im - 



N [.;TE: 1: Spectrometer :an 

is «Ui b,twe,:. 5 and .:,» pn, wHn KB, ,r 5 and 50 ^ 

with Csl. 



. ■ i ,H-h -f *top is d!: nun; sagittal 
?aruential vnd.h - LU h 



. , . s c t -, p - s shifted along ranqent.ial plane 

r , , rnrav->el lens is used t: simulate the 

cM ,,-. in + X -direction simulate the prism, 

telescope. Shinto in - ^ 

u. „ v .7 - - out a civ * :■■ i s e i / 

Cvlinsrical mirror ccmpresseo Lea., 



:er:or array is 1 x 25 mm 



affecting i n t e r f e r j g r a r. . 

■, . s ^^.-\ in t'ne column with 



UOTE 2: Pecenters and tilts are 
r he 

An 



ie heading "Coeff. or, r4". 



alternative method or manufacturing the Fiurier 

i -i v -t^ F'OV , cn-axi s 

„ t-a— » i,a,in 0 spec^eter is shown in FI^-ES 17 and 
If:. This configuration is arprorrraoo where the spectral 

„ , t . + . hr-'.ad The imagine focal 
bandwidth requirements are t-,o bi.ad. 

•r-^-^-hi- chr-t-^r than the 
^ngfn can be made sigr.if leantl , oh~t-i 

. . n ... r ,,n„th of the Fourier optical system 

1 ncei rerogLcim - 

- h , FCV Tlv, iesiq:., sh.wn in FIGURE, 17 
to increase _ne t^./. j-' 1 - 

~" , r .. ,,- n c f , ;ir., 212 and 211 to 

and 18, uses three aspheriu ee l..n.,e. 

. fr -„ bpam shearing system 

.--.liimate the beams emerging turn ti.- ^ 

7 {) , tc , form a P u P il plane 14 in one axis and to form an 

~- , T1 t Vo P , t b,.r axis. An i.pti.al prescription 
image plane -V3 m tni -ll- 

. ■ al „,. c f-m 1'5"' is contained in TABLE 
f-.r '"his Fiuner optical s.,~t-m n 
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TA3LE 4. ZEMAX PRESCRIPTION: 

Spectrometer 



1.2 cm" 



On-Axis Imaging 



Image 



Surface 



Object 




Type 



standrd 
paraxial 



Name 



Radius 



mm 



infinity 



Thickness 



mm 



infinity 



Coeff onr4 



Coeff on r 6 



Coeff on r 8 



ent pupil 




• 
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,yrz U Pu^T^Ti* H -- FieldS +/ " 12 ° 

ua-eiennn i» 13 ■"»• [ ' esign 13 valiC ' between 5 1& 



■ „ i mm Width in Y 

Width cf stop m X direction x 

. _ .-. c^.-r-. be shifted along tangential 

dl'-^r^ion is 1-- - ii^- ^ " — ■ 
, cl " n e nenerate single-sided interferon and achieve 

!r eotral resolution. A paraxial lens is used to 



1 . 2 cm" " 
simolat ■ 

SlH'UiaT 



Coordinate break shifts 
t^r ^ism. Detector array is 12.8 x 16 mm. 



the 



.escape . 



in ± 



, 0 ,,,,E ::: ir. thi.s design the pupil pxane - - - • 

Section and the in-,, plan* is in tb. V directs, rhx, 
, r ; M e1 °"i" torords to be usel to generate the image, and 
do not retire coordinate brakes to rotate the. 



aoouo the Z axis. 



15 



ir the column with the heading 
NOTE", 3: Tilts are li-Stel n. ^i.. 

"Ooeff. c-n r4". 



Closer' inspection of FI 1UR^ 



illustrates that 
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■ - ir-yp.1 at the pupil 34 and 
,-iimonsional detectc r array i =. 1,-a.el p t 

; ma)e 3, Planes. This array measurements of Irg 

.. n .; n ,itv in both the pupri and i^e planes. Large fomat 

fi lGaAs ouantum Well Infrared Photoconduotor (Q WIP, arrays 
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detect :rs be cans 



their pixel t;> 



10 



ar-" 
pi: 
f ai 
un 
un 
cy 
a!"' 

d-= 
a: 

a: 



y-JIP arrays c--n oe 



an 



the rrist appropriate 

^ TT ;^ V t c; uniform. AJhaAs 

Durability ureater than ^.W, 

fl -.„ ! a calibrated 

niformity better tr.«n ,< a.o -* 

: e thermal 1 y 



.;-ricuteo witi 
oal it rated u 



ib: rmity c 



litter thar. u 



van a i s<; 



:led indefinitely, are 
:er calibration. 

■)WI r detect: or arra 



:: iidia*: icr. h 



hard and remain stable 



t' : 'DC 



, — n .ii r 



rays en-". 
1 n: luce 



■ i ~; v-.« 



:iSt, KqCdTe, m 
: , artive pixel sensor (A! 

The processor 



s r not trie only 

examples : : detect :r 
the static interferometer 
o^rrn.-ioiles , CCDs 



therm-: 



tector that can be — 

il-ed by 

:r:t =:: lo meters 
; arrays. 

- zes the data reccrae 

jiaitir.es the data, stores 
r.c2.u:hnq the two 
The data 



.ed 



the detector array 

can anal vi e it j n 
_i . f — 

z m.e r h od s a tv' 



c iewm ^ 



Unit 

iy. This unit 

- i nrd" e i on way 
cii: outpu 



anv results 



corded by the detector .nay li corresponds 



he first possio.e 

a digit" al fast fnurier 



20 



f ^-.te:' f'erograms . 

this data :s to per 

t , invert each inter re:: egram mco 
en be further analysed. An example wo 

/un. 1: 



r, a series 
met hid it analyzing 



, "f F j 

: a n 



analyzed t-: determine 
; the scene rein? viewed. 



che 



transform 
i spec:: rum, which 
uld be where the 
.-/era 11 chemical 



data is to use 



7> 



matched 1: : 



ccmpesi'.. ion :■- 

An alternative meth::l <: f analyzing the 

filters to detect distinct 
An example of this 
f a single chemical in the 

a filter 



the interferograms as 
features within the in.--.i--- . 

si 

,d. This process involves using 



would be to detect the presence 



e .-" o n ^ 



ueiro viewc 



# 
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absence :»f that 
f ] w 1 t '1 



-M- indicates the presence o 



feature, when the .i-,- ^ ^ technique 

■ , - f . r( ,. r .-m advantage cf u?m 3 th.o 

t . t is Less computational iy — 
is that .t - r _.._ i s chat the 

c . pvts Another a - ; • • ~~ 
pei forming r.urnerou. LFTs. - ^ br „,,,,, ana matures, 

interfere ,ra» automatically^ s-y^ - - ^ ^ narrowbani 

- -m-sssions from a planet =» sj.^- 



10 



. r -H mnstrtaono yis* 
f >-■ 3 1 : ares , ^ucn - ^ 

nl --uv=- r ' s atmosphere . 

, be necessary tc us- 

. .^..-^t^r waveienu — 

heterodyning at the — - - - ir an 220 of 

appropriate i- * - ■ , .„>• * hA detector 

F:GUFE -,9 is l^atea insia* ^ ^^^^ 2; , ar . d 



.1 s 



i 3 When this 

a ,- ra y 1-3. r -. , r o. r; ,;ra:a wiU 

- nalf cycles of t^: i-- - •■ - 



is a ; ? ci- . ~~ - ^ ^pt^rr zero 

, a - h ,ther oat an:, the oeteccei i: < — ~ 
Ca: '-^ . tW > 2 :. This phenomenon ::an b, 

light intensity for that ^ - - er 



-ceded by us in:; 



a block ma filter 
active portion or the 



nterrer ogr am 226 , 

:„sc = rds one ciestrucc,v, - ^ ^ " ~ , n cf the 

-v^r in'v the -'J- :;>11 

20 ensuring - tld,; - ~ J . . { n . A detector 

1 i s in.-iient or: tne px.-.-- - - 

interferons* ^4 is in-U- ^ ^ fiUer mU st 

t- , broadband system, a.-.- • • 
= y cat' --2<-. L -- ' _ L ,-. r -,7 -hat is 

f . iCru r..i so that r:s patto...^ - ^ ' ' 

;:e iaan,;r dccu- .^i ^....^w in the 

l^ 1 t " JL , .,i,-or will then 



higher .requ-ru,, ,^ t ected radiation 

, t . th p a-tual frequency :-t tn. • - 
'^ ual tv ' th " ,. -f lowest frequency. 



equal u - . 

• - ~r--tral passband. Tne ^t^.-.o 
25 predetermmeo ,p^-tral ► linht with 

frequency ---L-' 

r 

„ 40 ry^ matron it 



39 



3 92 60 /RAG/ C7 66 

- ■ ^ a soertrum is able to be constructed from the 
In tnis way a spectrum 

_ n . oon u«inci a detector r3 
inoerteroqiam z.^, 

enough pixels tc measure tb . intensity of tb. i„t«f«o,„» 

without the use of a blocking filter. 

While the preferred embodiment has been described and 
illustrated, various substitutions and edifications may be 

4=^^rr ^inp ^cooe of tne 
made thereto without departing fr,m ? _ 

invention. Accordingly, it is tu b, ^a.r„ . . 

, ^ 00 nribed bv way of illustration 
present invention nab u«=«=w - -- - 



i 4_ inr^ni-^-t-inn 

10 anu nuL x-lu^ ----- 



